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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to
communications, and more particularly, to wireless com-
munication methods, networks, and network nodes.

BACKGROUND

[0002] The current 5th Generation 5G system architec-
ture is described in 3GPP TS 23.501 v1.2.0, (2017-07),
Technical Specification Group Services and System As-
pects; System Architecture for the 5G System; Stage 2
(Release 15). Figure 1 provides an illustration of the 5G
system architecture from 3GPP TS 23.501 v1.2.0. The
Next Generation NG application layer protocol used over
the N2 interface for the control plane is called NG AP. In
this document, the N2 interface in Figure 1 will also be
referred to as NG-C (NG control plane) interface, while
the N3 interface will also be referred to as NG-U (NG
user plane) interface.
[0003] In 5G and in Long Term Evolution LTE it may
be possible to move a UE (also referred to as a wireless
device) to the so-called inactive state. In this state, Ac-
cess Stratum (AS) resources are removed. However, a
UE context is kept/maintained in the Radio Access Net-
work RAN. Also, to the Core Network CN, the UE is treat-
ed as active. Namely, the N2 and N3 interfaces (S1-C
and S1-U for LTE) pertinent to UE communication are
maintained. The UE, however, may behave as if it was
in Idle mode, namely, the UE will not signal to the RAN
except in specific cases, to denote special mobility
events.
[0004] It is currently specified that the core network CN
is not aware of whether a UE is in Inactive mode. Note
that Inactive State and Inactive Mode are equivalently
used to indicate a UE that is inactive. Therefore, the tran-
sition from inactive to active state in the RAN will be trans-
parent to the CN.
[0005] In the downlink (DL), this means for the default
solution that DL packets will be sent to the last node
where the UE was connected (anchor RAN node). That
node will then be responsible for initiating UE paging with-
in the paging area that the UE is allowed to move in with-
out notifying the network.
[0006] In the uplink (UL), this means that the UE may
need to perform a RAN-level procedure to transition to
active state to transmit data. In case the UE has moved
to a different RAN node, this RAN node will most likely
need to fetch the UE context from another RAN node,
and if needed, notify the CN that the UE has moved to a
new node.
[0007] If the UE moves outside the paging area, it may
need to notify the network about the mobility so that the
paging area can be updated. This procedure could trigger
a RAN node relocation, or the RAN node can be kept.
[0008] The following RAN functions are envisioned:

• Paging for DL data;

• Context fetch to handle moving UEs (may be similar
to existing LTE procedure); and

• Mobility updating (possible this could use a mecha-
nism similar to context fetch).

[0009] In order for these mechanisms to be enabled,
the UE may need to be allocated a RAN identifier uniquely
identifying the UE context in the RAN. In case there is
any failure where it is not possible to retrieve the UE RAN
context, it may be assumed that the RAN context can be
rebuilt as would happen in the case of a new connection
setup.
[0010] Figures 2A and 2B illustrate principles involved
in management of inactive state/mode UEs. In the inac-
tive state shown in Figure 2A, the UE is in a low power
mode with discontinuous reception DRX (e.g., for milli-
seconds ms to hours), and a CN/RAN connection is
kept/maintained between the CN and the anchor RAN
node for the UE. In this state, the UE is allowed to move
around in the local area without telling the network.
[0011] There may currently exist certain challenges
with Inactive Mode UEs. In current LTE and 5G systems,
the CN may need to deliver a Non-Access Stratum (NAS)
packet to the UE while the UE is in Inactive mode. Upon
reception of the NAS Packet Data Unit (PDU), the RAN
would start paging the UE in Inactive mode, as shown in
Figure 2B.
[0012] However, the UE may not respond to the RAN
paging, for example, because the UE is not in coverage
of the paging RAN. This may mean that for a certain time
the RAN will not be able to page the UE, i.e., the UE may
not be able to move to active state to receive the NAS
PDU.
[0013] As the CN is unaware of the fact the UE is in-
active, it may start re-sending the NAS PDU. However,
this may be inefficient because the RAN may still be in
the process of paging the UE. If paging eventually suc-
ceeds, the RAN may be able to send the very first in-
stance of the NAS PDU and also the re-sent NAS PDU(s)
from the CN, and this may create unnecessary signalling
and may complicate handling at the UE side.
[0014] Another problem could be that the RAN, after
attempting in vain to contact the UE via paging, may send
a NAS Non-Delivery Message to the CN. Such a mes-
sage may be present both on the S1 Application Protocol
(S1AP) and NG Application Protocol (NGAP). In this
case, the CN may trigger removal of the RAN-CN inter-
faces for the UE (e.g., NG-U, NG-C). This, however, may
be an inefficient decision because the UE may re-emerge
from lack of coverage and it may reconnect to the net-
work, in which case the network may need to re-establish
the interfaces that were previously removed.
[0015] "RRC Inactive state - new procedures" by Eric-
sson, 3GPP Draft, S2-172299, XP051257860 discusses
new procedures relating to the RRC_INACTIVE state for
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5G systems.

SUMMARY

[0016] According to some embodiments of inventive
concepts, a method of operating a radio access network
(RAN) node may be provided. A packet data unit (PDU)
may be received for a wireless device that is in an inactive
state. Moreover, the PDU may be received from a core
network (CN) node. The wireless device may be paged in
response to receiving the PDU, and a non-delivery mes-
sage may be sent to the CN node in response to failure
of the paging for the wireless device. Moreover, the non-
delivery message may include an indication that the wire-
less device is in the inactive state. The scope of the
present invention is defined by the appended claims.
[0017] According to some embodiments, by providing
a non-delivery message including an indication that the
wireless device is in the inactive state, the CN node may
more efficiently handle PDU procedures when paging
fails.

BRIEF DESRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in a constitute a part of this appli-
cation, illustrate certain non-limiting embodiments of in-
ventive concepts. In the drawings:

Figure 1 is a block diagram illustrating a 5G archi-
tecture as described in 3GPP TS 23.501 v1.2.0;

Figures 2A and 2B are diagrams illustrating man-
agement of Inactive Mode UEs;

Figure 3 is a message diagram illustrating opera-
tions/messages in a wireless communication net-
work according to some embodiments of inventive
concepts;

Figure 4 is a schematic diagram illustrating a wire-
less network including wireless devices and network
nodes according to some embodiments of inventive
concepts;

Figure 5 is a block diagram illustrating a user equip-
ment UE (also referred to as wireless device) ac-
cording to some embodiments of inventive concepts;

Figure 6 is a block diagram illustrating a virtualization
environment according to some embodiments of in-
ventive concepts;

Figure 8 is a block diagram illustrating a host com-
puter communicating via a base station with a user
equipment over a partially wireless connection ac-
cording to some embodiments of inventive concepts;

Figure 9 is a flow chart illustrating methods imple-
mented in a communication system including a host
computer, a base station and a user equipment ac-
cording to some embodiments of inventive concepts;

Figure 10 is a flow chart illustrating methods imple-
mented in a communication system including a host
computer, a base station and a user equipment ac-
cording to some embodiments of inventive concepts;

Figure 11 is a flow chart illustrating methods imple-
mented in a communication system including a host
computer, a base station and a user equipment ac-
cording to some embodiments of inventive concepts;

Figure 12 is a flow chart illustrating methods imple-
mented in a communication system including a host
computer, a base station and a user equipment ac-
cording to some embodiments of inventive concepts;

Figure 13 is a flow chart illustrating operations of a
radio access node according to some embodiments
of inventive concepts; and

Figure 14 is a flow chart illustrating operations of a
core network node according to some embodiments
of inventive concepts.

DETAILED DESCRIPTION

[0019] Some of the embodiments contemplated herein
will now be described more fully with reference to the
accompanying drawings. Other embodiments, however,
are contained within the scope of the subject matter dis-
closed herein, and the disclosed subject matter should
not be construed as limited to only the embodiments set
forth herein; rather, these embodiments are provided by
way of example to convey the scope of the subject matter
to those skilled in the art.
[0020] Generally, all terms used herein are to be inter-
preted according to their ordinary meaning in the relevant
technical field, unless a different meaning is clearly given
and/or is implied from the context in which it is used. All
references to a/an/the element, apparatus, component,
means, step, etc. are to be interpreted openly as referring
to at least one instance of the element, apparatus, com-
ponent, means, step, etc., unless explicitly stated other-
wise. The steps of any methods disclosed herein do not
have to be performed in the exact order disclosed, unless
a step is explicitly described as following or preceding
another step and/or where it is implicit that a step must
follow or precede another step. Any feature of any of the
embodiments disclosed herein may be applied to any
other embodiment, wherever appropriate. Likewise, any
advantage of any of the embodiments may apply to any
other embodiments, and vice versa. Other objectives,
features and advantages of the enclosed embodiments
will be apparent from the following description.
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[0021] A problem triggering behaviours discussed
above may be that the CN, in cases of delayed or failed
delivery of NAS PDUs, is not aware of whether the UE
is inactive or not. According to some embodiments,
knowledge of whether the UE is inactive or not may en-
able the CN to adopt smart procedures, for example,
aimed at better handling retransmissions, interface re-
moval, and/or other communication processing.
[0022] The claimed invention corresponds to fig. 3, 13
and to the related text in the description. The remaining
figures and the text of the description are intended to
better explain the invention.
[0023] Certain aspects of the present disclosure and
their embodiments may provide solutions to these and/or
other challenges. In this disclosure, upon failure in con-
tacting the UE for the delivery of a NAS PDU, the RAN
may inform the CN of the fact that the NAS PDU was not
delivered and that the UE is in an Inactive state. Accord-
ing to certain embodiments, the RAN may also indicate
if the CN shall refrain from sending the NAS PDU delivery
(including re-sending) for a certain period in case the
RAN considers the paging load is high or the paging shall
not be re-tried in a certain period of time after several
times of paging failure at RAN side.
[0024] There are, proposed herein, various embodi-
ments which may address one or more of the issues dis-
closed herein. Certain embodiments may provide one or
more of the following technical advantages. Some em-
bodiments may allow the radio access network RAN
node 460a (e.g., gNB) to remove a radio leg that is un-
stable (e.g., subject to frequent outages) while reduc-
ing/minimizing cases when the wireless device UE 410
is left without connectivity. Some embodiments may also
provide a way for the RAN node 460a to convey use-
ful/necessary information to the CN node 460b to make
a proper decision on handling of NAS PDU procedure,
when RAN paging fails. Other technical advantages may
also be provided, and certain embodiments may provide
some, none, or all of the advantages listed above.
[0025] According to certain embodiments, when a
wireless device UE 410 is in the Inactive state and the
CN node 460b needs to contact the wireless device UE
410 by sending to it a NAS PDU, the CN node 460a will
forward the NAS PDU to the RAN node 460a. At this
point the RAN node 460a will attempt to contact the wire-
less device UE 410 and let the wireless device UE 410
move to Active state.
[0026] As part of this embodiment, the CN node 460b
may not re-send the NAS PDU until the RAN node 460a
has responded to the CN node 460b in a specific manner,
including, but not limited to the following:

• With a wireless device UE 410 associated message
eventually containing a NAS PDU from the wireless
device UE 410; and/or

• With a wireless device UE 410 associated message
notifying the CN node 460b that the NAS PDU was

not delivered.

[0027] According to certain embodiments, the RAN
node 460a will try to reach the wireless device UE 410
for a preconfigured time. If the wireless device UE 410
is not reachable (e.g., the wireless device UE 410 does
not respond to RAN paging and the RAN node 460a can-
not send the NAS PDU to the wireless device UE 410),
the RAN node 460a will generate a NAS Non-Delivery
message that is transmitted towards the CN node 460b.
Such a NAS Non-Delivery Message will contain an indi-
cation that the wireless device UE 410 is in an inactive
state.
[0028] The CN node 460b receiving the NAS Non-De-
livery message may take into account the Inactive State
notification to make an appropriate decision, including,
but not limited to the following:

• Decide whether to re-send the NAS PDU to the RAN
node 460a. For example, the CN node 460b may
decide to re-send the NAS PDU after a period of time
following reception of NAS Non-Delivery message
that is longer than the retransmission time the CN
node 460b will usually adopt, based on a refrain in-
dication from RAN side.

• Decide not to send the NAS PDU and to notify the
RAN node 460a to report parameters such as wire-
less device UE 410 state and location as soon as
the wireless device UE 410 communicates with the
RAN node 460b.

• Decide to remove the NG-C and NG-U interfaces
associated to the wireless device UE 410. This might
be due to a long period of time having passed from
the delivery of the NAS PDU to the RAN node 460a
to the reception of the NAS Non-Delivery message.

[0029] A Message sequence chart illustrating a meth-
od according to some embodiments is provided in Figure
3.
[0030] Operation 300. Wireless device UE 410 enters
CM-CONNECTED and RRC Inactive state. Access and
Mobility Function (AMF) CN node 460b maintains wire-
less device UE 410 at CM-CONNECTED state and is
unaware that the wireless device UE 410 is in the inactive
state (i.e., treats the wireless device UE 410 as being
active). The RAN node 460a maintains the wireless de-
vice UE 410 context after the wireless device UE 410
enters the inactive state.
[0031] Operation 301. AMF CN node 460b sends a DL
NAS PDU for the inactive state wireless device UE 410
on the existing NG-C connection for the inactive state
wireless device UE 410 towards RAN node 460b.
[0032] Operation 302. RAN node 460b initiates paging
the inactive state wireless device UE 410 based on a
local formulated paging profile.
[0033] Operation 303. Due to whatever reason, the in-
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active state wireless device UE 410 may fail to respond
to the RAN paging.
[0034] Operation 304. When RAN node 460a consid-
ers that paging has failed after paging timeout and no
wireless device UE 410 response is received, RAN node
460a sends a NAS Non-Delivery Message (also referred
to as a NAS Non-Delivery Indication) to AMF CN node
460b indicating the failure and may also include the cur-
rent wireless device UE 410 RRC state info and an indi-
cation if NAS PDU shall be refrained for a certain time.
[0035] Operation 305. AMF CN node 460b may take
different actions based on the info received from RAN
node 460a, as described above.
[0036] It will be appreciated that the message se-
quence shown in Figure 3 is for purposes of example,
and other embodiments may modify the steps and/or or-
der of the steps without deviating from the scope of in-
ventive concepts. Furthermore, it will be appreciated that
the RAN Node 460a and AMF CN node 460b may be
embodied in any suitable network node (e.g., gNB, MME,
etc.) as described in more detail below.
[0037] Operations of RAN node 460a (e.g., a base sta-
tion, eNB, gNB, etc.) of a wireless communication net-
work will now be discussed with reference to the flow
chart of Figure 13. For example, RAN node 460a may
be implemented using structure of network node 460
from Figure 4 with instructions stored in device readable
medium 480 of RAN node 460a so that when instructions
of device readable medium 480 of RAN node 460a are
executed by processing circuitry 470 of RAN node 460a,
processing circuitry 470 of RAN node 460a performs re-
spective operations discussed below with respect to Fig-
ure 13. Processing circuitry 470 of RAN node 460a may
thus transmit and/or receive communications to/from one
or more other network nodes/entities/servers of a wire-
less communication network (e.g., CN node 460b)
through interface 490 of RAN node 460a (e.g., using
port(s)/terminal(s) 494). In addition, processing circuitry
470 of RAN node 460a may transmit and/or receive com-
munications to/from one or more wireless devices (e.g.,
wireless device UE 410) through interface 490 of RAN
node 460a (e.g., using RF transceiver circuitry 472, base-
band circuitry 474, and/or radio front end circuitry 492).
[0038] At block 1301, processing circuitry 470 of RAN
node 460a may maintain a context for wireless device
410 in the inactive state as discussed above, for example,
with respect to operation 300 of Figure 3. The inactive
state may be a Radio Resource Control RRC inactive
state, and wireless device 410 may be in a CM-Connect-
ed and RRC inactive state.
[0039] At block 1303, processing circuitry 470 of RAN
node 460a may receive a packet data unit PDU (e.g., a
non-access stratum NAS PDU) for wireless device 410
that is in the inactive state as discussed above, for ex-
ample, with respect to operation 301 of Figure 3. For
example, processing circuitry 470 of RAN node 460a may
receive the PDU from core network CN node 460b
through interface 490 of RAN node 460a (e.g., using

port(s)/terminal(s) 494). CN node 460b, for example, may
be an Access and Mobility Function AMF node.
[0040] At block 1305, processing circuitry 470 of RAN
node 460a may page wireless device 410 in response to
receiving the PDU as discussed above, for example, with
respect to operation 302 of Figure 3. For example,
processing circuitry 470 of RAN node 460a may transmit
one or more pages for wireless device 410 through in-
terface 490 of RAN node 460a (e.g., using baseband
circuitry 474, RF transceiver circuitry 472, and/or radio
front end circuitry 492).
[0041] At block 1307, processing circuitry 470 of RAN
node 460a may send a non-delivery message (e.g., a
NAS non-delivery message) to CN node 460b in re-
sponse to failure of the paging for wireless device 410
as discussed above, for example, with respect to oper-
ation 303 of Figure 3. Moreover, the non-delivery mes-
sage may include an indication that wireless device 410
is in the inactive state. For example, processing circuitry
470 of RAN node 460a may send the non-delivery mes-
sage to CN node 460b through interface 490 of RAN
node 460a (e.g., using port(s)/terminal(s) 494). The non-
delivery message may indicate that the PDU was not
delivered to wireless device 410.
[0042] The non-delivery message may include an in-
struction for CN node 460b to refrain from resending the
PDU for wireless device 410. For example, the instruction
for CN node 460b to refrain from resending may be an
instruction for CN node 460b to refrain from resending
the PDU for wireless device 410 for a period of time fol-
lowing the non-delivery message. Moreover, the non-de-
livery message may include the instruction for the node
of the CN to refrain from resending the PDU for wireless
device 410 in response to a high paging load and/or in
response to multiple failures of paging for wireless device
410.
[0043] The failure of the paging may be determined in
response to failure to receive a response from wireless
device 410 at RAN node 460a after initiating the paging.
For example, the failure of the paging may be determined
in response to failure to receive a response from wireless
device 410 at RAN node 460a for a preconfigured time
after initiating the paging.
[0044] Various operations of Figure 13 may be optional
with respect to some embodiments. For example, oper-
ations of block 1301 of Figure 13 may be optional ac-
cording to some embodiments.
[0045] Operations of CN node 460b (e.g., an AMF
node) of a wireless communication network will now be
discussed with reference to the flow chart of Figure 14.
For example, CN node 460b may be implemented using
structure of network node 460 from Figure 4 with instruc-
tions stored in device readable medium 480 of CN node
460b so that when instructions of device readable medi-
um 480 of CN node 460b are executed by processing
circuitry 470 of CN node 460b, processing circuitry 470
of CN node 460b performs respective operations dis-
cussed below with respect to Figure 14. Processing cir-
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cuitry 470 of CN node 460b may thus transmit and/or
receive communications to/from one or more other net-
work nodes/entities/servers of a wireless communication
network (e.g., RAN node 460a) through interface 490 of
CN node 460b (e.g., using port(s)/terminal(s) 494). Be-
cause CN node 460b may communicate indirectly with
wireless devices through one or more RAN nodes, RF
transceiver circuitry 472, baseband circuitry 474, and/or
radio front end circuitry 492 of Figure 4 may be omitted
from CN node 460b.
[0046] At block 1401, processing circuitry 470 of CN
node 460b may send a packet data unit PDU (e.g., a non-
access stratum NAS PDU) for wireless device 410 to
radio access network RAN node 460a (e.g., a base sta-
tion) as discussed above, for example, with respect to
operation 301 of Figure 3. Processing circuitry 470 of CN
node 460b may send the PDU for wireless device 410 to
RAN node 460a through interface 490 of CN node 460b
(e.g., using port(s)/terminal(s) 494).
[0047] At block 1403, processing circuitry 470 of CN
node 460b may receive a non-delivery message (e.g., a
NAS non-delivery message) from RAN node 460a after
sending the PDU for wireless device 410 as discussed
above, for example, with respect to operation 303 of Fig-
ure 3. Processing circuitry 470 of CN node 460b may
receive the non-delivery message from RAN node 460a
through interface 490 of CN node 460b (e.g., using
port(s)/terminal(s) 494). Moreover, the non-delivery mes-
sage may include an indication that wireless device 410
is in an inactive state (e.g., a CM-connected and Radio
Resource Control RRC inactive state). Moreover, the
non-delivery message may indicate that the PDU was
not delivered to wireless device 410.
[0048] The non-delivery message may include an in-
struction for CN node 460b to refrain from resending the
PDU for wireless device 410. For example, the instruction
for CN node 460b to refrain from resending may be an
instruction for CN node 460b to refrain from resending
the PDU for wireless device 410 for a period of time fol-
lowing the non-delivery message.
[0049] At block 1405, processing circuitry 470 of CN
node 460b may act responsive to the non-delivery mes-
sage as discussed above, for example with respect to
operation 304 of Figure 3.
[0050] According to some embodiments at block 1405,
processing circuitry 470 of CN node 460b may remove
an interface for wireless device 410 between RAN node
460a and the core network in response to the non-deliv-
ery message. Removing an interface, for example, may
include removing at least one of a Next Generation Con-
trol Plane (NG-C) interface and an NG User Plane (NG-
U) interface for wireless device 410 in response to the
non-delivery message.
[0051] According to some other embodiments at block
1405, processing circuitry 470 of CN node 460b may re-
frain from resending the PDU for wireless device 410 in
response to the non-delivery message. Processing cir-
cuitry 470 of CN node 460b may refrain from resending

the PDU by refraining from resending the PDU for a pe-
riod of time following the non-delivery message, and then
resending the PDU after the period of time following the
non-delivery message.
[0052] According to still other embodiments at block
1405, processing circuitry 470 of CN node 460b may
send a request to RAN node 460a in response to the
non-delivery message, and the request may include a
request for at least one parameter regarding wireless de-
vice 410 when wireless device 410 communicates with
the radio access network. For example, the at least one
parameter regarding wireless device 410 may include at
least one of a parameter regarding a location of wireless
device 410 and a parameter regarding a state of wireless
device 410.
[0053] Various operations of Figure 14 may be optional
with respect to some embodiments. For example, oper-
ations of block 1405 of Figure 14 may be optional ac-
cording to some embodiments.
[0054] Figure 4 is a diagram illustrating a wireless net-
work in accordance with some embodiments of inventive
concepts.
[0055] Although the subject matter described herein
may be implemented in any appropriate type of system
using any suitable components, the embodiments dis-
closed herein are described in relation to a wireless net-
work, such as the example wireless network illustrated
in Figure 4. For simplicity, the wireless network of Figure
4 only depicts network 406, network nodes 460 and 460b,
and WDs 410, 410b, and 410c. In practice, a wireless
network may further include any additional elements suit-
able to support communication between wireless devices
or between a wireless device and another communica-
tion device, such as a landline telephone, a service pro-
vider, or any other network node or end device. Of the
illustrated components, network node 460 and wireless
device (WD) 410 are depicted with additional detail. The
wireless network may provide communication and other
types of services to one or more wireless devices to fa-
cilitate the wireless devices’ access to and/or use of the
services provided by, or via, the wireless network.
[0056] The wireless network may comprise and/or in-
terface with any type of communication, telecommunica-
tion, data, cellular, and/or radio network or other similar
type of system. In some embodiments, the wireless net-
work may be configured to operate according to specific
standards or other types of predefined rules or proce-
dures. Thus, particular embodiments of the wireless net-
work may implement communication standards, such as
Global System for Mobile Communications (GSM), Uni-
versal Mobile Telecommunications System (UMTS),
Long Term Evolution (LTE), and/or other suitable 2G,
3G, 4G, or 5G standards; wireless local area network
(WLAN) standards, such as the IEEE 802.11 standards;
and/or any other appropriate wireless communication
standard, such as the Worldwide Interoperability for Mi-
crowave Access (WiMax), Bluetooth, Z-Wave and/or Zig-
Bee standards.
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[0057] Network 406 may comprise one or more back-
haul networks, core networks, IP networks, public
switched telephone networks (PSTNs), packet data net-
works, optical networks, wide-area networks (WANs), lo-
cal area networks (LANs), wireless local area networks
(WLANs), wired networks, wireless networks, metropol-
itan area networks, and other networks to enable com-
munication between devices.
[0058] Network node 460 and WD 410 comprise vari-
ous components described in more detail below. These
components work together in order to provide network
node and/or wireless device functionality, such as pro-
viding wireless connections in a wireless network. In dif-
ferent embodiments, the wireless network may comprise
any number of wired or wireless networks, network
nodes, base stations, controllers, wireless devices, relay
stations, and/or any other components or systems that
may facilitate or participate in the communication of data
and/or signals whether via wired or wireless connections.
[0059] As used herein, network node refers to equip-
ment capable, configured, arranged and/or operable to
communicate directly or indirectly with a wireless device
and/or with other network nodes or equipment in the wire-
less network to enable and/or provide wireless access
to the wireless device and/or to perform other functions
(e.g., administration) in the wireless network. Examples
of network nodes include, but are not limited to, access
points (APs) (e.g., radio access points), base stations
(BSs) (e.g., radio base stations, Node Bs, and evolved
Node Bs (eNBs)). Base stations may be categorized
based on the amount of coverage they provide (or, stated
differently, their transmit power level) and may then also
be referred to as femto base stations, pico base stations,
micro base stations, or macro base stations. A base sta-
tion may be a relay node or a relay donor node controlling
a relay. A network node may also include one or more
(or all) parts of a distributed radio base station such as
centralized digital units and/or remote radio units (RRUs),
sometimes referred to as Remote Radio Heads (RRHs).
Such remote radio units may or may not be integrated
with an antenna as an antenna integrated radio. Parts of
a distributed radio base station may also be referred to
as nodes in a distributed antenna system (DAS). Yet fur-
ther examples of network nodes include multi-standard
radio (MSR) equipment such as MSR BSs, network con-
trollers such as radio network controllers (RNCs) or base
station controllers (BSCs), base transceiver stations
(BTSs), transmission points, transmission nodes, multi-
cell/multicast coordination entities (MCEs), core network
nodes (e.g., MSCs, MMEs), O&M nodes, OSS nodes,
SON nodes, positioning nodes (e.g., E-SMLCs), and/or
MDTs. As another example, a network node may be a
virtual network node as described in more detail below.
More generally, however, network nodes may represent
any suitable device (or group of devices) capable, con-
figured, arranged, and/or operable to enable and/or pro-
vide a wireless device with access to the wireless network
or to provide some service to a wireless device that has

accessed the wireless network.
[0060] In Figure 4, network node 460 includes process-
ing circuitry 470, device readable medium 480, interface
490, auxiliary equipment 484, power source 486, power
circuitry 487, and antenna 462. Although network node
460 illustrated in the example wireless network of Figure
4 may represent a device that includes the illustrated
combination of hardware components, other embodi-
ments may comprise network nodes with different com-
binations of components. It is to be understood that a
network node comprises any suitable combination of
hardware and/or software used/needed to perform the
tasks, features, functions and methods disclosed herein.
Moreover, while the components of network node 460
are depicted as single boxes located within a larger box,
or nested within multiple boxes, in practice, a network
node may comprise multiple different physical compo-
nents that make up a single illustrated component (e.g.,
device readable medium 480 may comprise multiple sep-
arate hard drives as well as multiple RAM modules).
[0061] Similarly, network node 460 may be composed
of multiple physically separate components (e.g., a
NodeB component and a RNC component, or a BTS
component and a BSC component, etc.), which may each
have their own respective components. In certain sce-
narios in which network node 460 comprises multiple
separate components (e.g., BTS and BSC components),
one or more of the separate components may be shared
among several network nodes. For example, a single
RNC may control multiple NodeB’s. In such a scenario,
each unique NodeB and RNC pair, may in some instanc-
es be considered a single separate network node. In
some embodiments, network node 460 may be config-
ured to support multiple radio access technologies
(RATs). In such embodiments, some components may
be duplicated (e.g., separate device readable medium
480 for the different RATs) and some components may
be reused (e.g., the same antenna 462 may be shared
by the RATs). Network node 460 may also include mul-
tiple sets of the various illustrated components for differ-
ent wireless technologies integrated into network node
460, such as, for example, GSM, WCDMA, LTE, NR,
WiFi, or Bluetooth wireless technologies. These wireless
technologies may be integrated into the same or different
chip or set of chips and other components within network
node 460.
[0062] Processing circuitry 470 is configured to per-
form any determining, calculating, or similar operations
(e.g., certain obtaining operations) described herein as
being provided by a network node. These operations per-
formed by processing circuitry 470 may include process-
ing information obtained by processing circuitry 470 by,
for example, converting the obtained information into oth-
er information, comparing the obtained information or
converted information to information stored in the net-
work node, and/or performing one or more operations
based on the obtained information or converted informa-
tion, and as a result of said processing making a deter-
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mination.
[0063] Processing circuitry 470 may comprise a com-
bination of one or more of a microprocessor, controller,
microcontroller, central processing unit, digital signal
processor, application-specific integrated circuit, field
programmable gate array, or any other suitable comput-
ing device, resource, or combination of hardware, soft-
ware and/or encoded logic operable to provide, either
alone or in conjunction with other network node 460 com-
ponents, such as device readable medium 480, network
node 460 functionality. For example, processing circuitry
470 may execute instructions stored in device readable
medium 480 or in memory within processing circuitry 470.
Such functionality may include providing any of the var-
ious wireless features, functions, or benefits discussed
herein. In some embodiments, processing circuitry 470
may include a system on a chip (SOC).
[0064] In some embodiments, processing circuitry 470
may include one or more of radio frequency (RF) trans-
ceiver circuitry 472 and baseband processing circuitry
474. In some embodiments, radio frequency (RF) trans-
ceiver circuitry 472 and baseband processing circuitry
474 may be on separate chips (or sets of chips), boards,
or units, such as radio units and digital units. In alternative
embodiments, part or all of RF transceiver circuitry 472
and baseband processing circuitry 474 may be on the
same chip or set of chips, boards, or units
[0065] In certain embodiments, some or all of the func-
tionality described herein as being provided by a network
node, base station, eNB or other such network device
may be performed by processing circuitry 470 executing
instructions stored on device readable medium 480 or
memory within processing circuitry 470. In alternative
embodiments, some or all of the functionality may be
provided by processing circuitry 470 without executing
instructions stored on a separate or discrete device read-
able medium, such as in a hard-wired manner. In any of
those embodiments, whether executing instructions
stored on a device readable storage medium or not,
processing circuitry 470 can be configured to perform the
described functionality. The benefits provided by such
functionality are not limited to processing circuitry 470
alone or to other components of network node 460, but
are enjoyed by network node 460 as a whole, and/or by
end users and the wireless network generally.
[0066] Device readable medium 480 may comprise
any form of volatile or non-volatile computer readable
memory including, without limitation, persistent storage,
solid-state memory, remotely mounted memory, magnet-
ic media, optical media, random access memory (RAM),
read-only memory (ROM), mass storage media (for ex-
ample, a hard disk), removable storage media (for ex-
ample, a flash drive, a Compact Disk (CD) or a Digital
Video Disk (DVD)), and/or any other volatile or non-vol-
atile, non-transitory device readable and/or computer-ex-
ecutable memory devices that store information, data,
and/or instructions that may be used by processing cir-
cuitry 470. Device readable medium 480 may store any

suitable instructions, data or information, including a
computer program, software, an application including
one or more of logic, rules, code, tables, etc. and/or other
instructions capable of being executed by processing cir-
cuitry 470 and, utilized by network node 460. Device
readable medium 480 may be used to store any calcu-
lations made by processing circuitry 470 and/or any data
received via interface 490. In some embodiments,
processing circuitry 470 and device readable medium
480 may be considered to be integrated.
[0067] Interface 490 is used in the wired or wireless
communication of signalling and/or data between net-
work node 460, network 406, and/or WDs 410. As illus-
trated, interface 490 comprises port(s)/terminal(s) 494 to
send and receive data, for example to and from network
406 over a wired connection. Interface 490 also includes
radio front end circuitry 492 that may be coupled to, or
in certain embodiments a part of, antenna 462. Radio
front end circuitry 492 comprises filters 498 and amplifi-
ers 496. Radio front end circuitry 492 may be connected
to antenna 462 and processing circuitry 470. Radio front
end circuitry may be configured to condition signals com-
municated between antenna 462 and processing circuit-
ry 470. Radio front end circuitry 492 may receive digital
data that is to be sent out to other network nodes or WDs
via a wireless connection. Radio front end circuitry 492
may convert the digital data into a radio signal having the
appropriate channel and bandwidth parameters using a
combination of filters 498 and/or amplifiers 496. The radio
signal may then be transmitted via antenna 462. Similar-
ly, when receiving data, antenna 462 may collect radio
signals which are then converted into digital data by radio
front end circuitry 492. The digital data may be passed
to processing circuitry 470. In other embodiments, the
interface may comprise different components and/or dif-
ferent combinations of components.
[0068] In certain alternative embodiments, network
node 460 may not include separate radio front end cir-
cuitry 492, instead, processing circuitry 470 may com-
prise radio front end circuitry and may be connected to
antenna 462 without separate radio front end circuitry
492. Similarly, in some embodiments, all or some of RF
transceiver circuitry 472 may be considered a part of in-
terface 490. In still other embodiments, interface 490 may
include one or more ports or terminals 494, radio front
end circuitry 492, and RF transceiver circuitry 472, as
part of a radio unit (not shown), and interface 490 may
communicate with baseband processing circuitry 474,
which is part of a digital unit (not shown).
[0069] Antenna 462 may include one or more anten-
nas, or antenna arrays, configured to send and/or receive
wireless signals. Antenna 462 may be coupled to radio
front end circuitry 490 and may be any type of antenna
capable of transmitting and receiving data and/or signals
wirelessly. In some embodiments, antenna 462 may
comprise one or more omni-directional, sector or panel
antennas operable to transmit/receive radio signals be-
tween, for example, 2 GHz and 66 GHz. An omni-direc-
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tional antenna may be used to transmit/receive radio sig-
nals in any direction, a sector antenna may be used to
transmit/receive radio signals from devices within a par-
ticular area, and a panel antenna may be a line of sight
antenna used to transmit/receive radio signals in a rela-
tively straight line. In some instances, the use of more
than one antenna may be referred to as MIMO. In certain
embodiments, antenna 462 may be separate from net-
work node 460 and may be connectable to network node
460 through an interface or port.
[0070] Antenna 462, interface 490, and/or processing
circuitry 470 may be configured to perform any receiving
operations and/or certain obtaining operations described
herein as being performed by a network node. Any infor-
mation, data and/or signals may be received from a wire-
less device, another network node and/or any other net-
work equipment. Similarly, antenna 462, interface 490,
and/or processing circuitry 470 may be configured to per-
form any transmitting operations described herein as be-
ing performed by a network node. Any information, data
and/or signals may be transmitted to a wireless device,
another network node and/or any other network equip-
ment.
[0071] Power circuitry 487 may comprise, or be cou-
pled to, power management circuitry and is configured
to supply the components of network node 460 with pow-
er for performing the functionality described herein. Pow-
er circuitry 487 may receive power from power source
486. Power source 486 and/or power circuitry 487 may
be configured to provide power to the various compo-
nents of network node 460 in a form suitable for the re-
spective components (e.g., at a voltage and current level
needed for each respective component). Power source
486 may either be included in, or external to, power cir-
cuitry 487 and/or network node 460. For example, net-
work node 460 may be connectable to an external power
source (e.g., an electricity outlet) via an input circuitry or
interface such as an electrical cable, whereby the exter-
nal power source supplies power to power circuitry 487.
As a further example, power source 486 may comprise
a source of power in the form of a battery or battery pack
which is connected to, or integrated in, power circuitry
487. The battery may provide backup power should the
external power source fail. Other types of power sources,
such as photovoltaic devices, may also be used.
[0072] Alternative embodiments of network node 460
may include additional components beyond those shown
in Figure 4 that may be responsible for providing certain
aspects of the network node’s functionality, including any
of the functionality described herein and/or any function-
ality useful/necessary to support the subject matter de-
scribed herein. For example, network node 460 may in-
clude user interface equipment to allow input of informa-
tion into network node 460 and to allow output of infor-
mation from network node 460. This may allow a user to
perform diagnostic, maintenance, repair, and other ad-
ministrative functions for network node 460.
[0073] As used herein, wireless device (WD) refers to

a device capable, configured, arranged and/or operable
to communicate wirelessly with network nodes and/or
other wireless devices. Unless otherwise noted, the term
WD may be used interchangeably herein with user equip-
ment (UE). Communicating wirelessly may involve trans-
mitting and/or receiving wireless signals using electro-
magnetic waves, radio waves, infrared waves, and/or
other types of signals suitable for conveying information
through air. In some embodiments, a WD may be con-
figured to transmit and/or receive information without di-
rect human interaction. For instance, a WD may be de-
signed to transmit information to a network on a prede-
termined schedule, when triggered by an internal or ex-
ternal event, or in response to requests from the network.
Examples of a WD include, but are not limited to, a smart
phone, a mobile phone, a cell phone, a voice over IP
(VoIP) phone, a wireless local loop phone, a desktop
computer, a personal digital assistant (PDA), a wireless
cameras, a gaming console or device, a music storage
device, a playback appliance, a wearable terminal de-
vice, a wireless endpoint, a mobile station, a tablet, a
laptop, a laptop-embedded equipment (LEE), a laptop-
mounted equipment (LME), a smart device, a wireless
customer-premise equipment (CPE), a vehicle-mounted
wireless terminal device, etc. A WD may support device-
to-device (D2D) communication, for example by imple-
menting a 3GPP standard for sidelink communication,
and may in this case be referred to as a D2D communi-
cation device. As yet another specific example, in an In-
ternet of Things (IoT) scenario, a WD may represent a
machine or other device that performs monitoring and/or
measurements, and transmits the results of such moni-
toring and/or measurements to another WD and/or a net-
work node. The WD may in this case be a machine-to-
machine (M2M) device, which may in a 3GPP context be
referred to as a machine-type communication (MTC) de-
vice. As one particular example, the WD may be a UE
implementing the 3GPP narrow band internet of things
(NB-loT) standard. Particular examples of such ma-
chines or devices are sensors, metering devices such as
power meters, industrial machinery, or home or personal
appliances (e.g. refrigerators, televisions, etc.) personal
wearables (e.g., watches, fitness trackers, etc.). In other
scenarios, a WD may represent a vehicle or other equip-
ment that is capable of monitoring and/or reporting on its
operational status or other functions associated with its
operation. A WD as described above may represent the
endpoint of a wireless connection, in which case the de-
vice may be referred to as a wireless terminal. Further-
more, a WD as described above may be mobile, in which
case it may also be referred to as a mobile device or a
mobile terminal.
[0074] As illustrated, wireless device 410 includes an-
tenna 411, interface 414, processing circuitry 420, device
readable medium 430, user interface equipment 432,
auxiliary equipment 434, power source 436 and power
circuitry 437. WD 410 may include multiple sets of one
or more of the illustrated components for different wire-
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less technologies supported by WD 410, such as, for
example, GSM, WCDMA, LTE, NR, WiFi, WiMAX, or
Bluetooth wireless technologies, just to mention a few.
These wireless technologies may be integrated into the
same or different chips or set of chips as other compo-
nents within WD 410.
[0075] Antenna 411 may include one or more antennas
or antenna arrays, configured to send and/or receive
wireless signals, and is connected to interface 414. In
certain alternative embodiments, antenna 411 may be
separate from WD 410 and be connectable to WD 410
through an interface or port. Antenna 411, interface 414,
and/or processing circuitry 420 may be configured to per-
form any receiving or transmitting operations described
herein as being performed by a WD. Any information,
data and/or signals may be received from a network node
and/or another WD. In some embodiments, radio front
end circuitry and/or antenna 411 may be considered an
interface.
[0076] As illustrated, interface 414 comprises radio
front end circuitry 412 and antenna 411. Radio front end
circuitry 412 comprise one or more filters 418 and am-
plifiers 416. Radio front end circuitry 414 is connected to
antenna 411 and processing circuitry 420, and is config-
ured to condition signals communicated between anten-
na 411 and processing circuitry 420. Radio front end cir-
cuitry 412 may be coupled to or a part of antenna 411.
In some embodiments, WD 410 may not include separate
radio front end circuitry 412; rather, processing circuitry
420 may comprise radio front end circuitry and may be
connected to antenna 411. Similarly, in some embodi-
ments, some or all of RF transceiver circuitry 422 may
be considered a part of interface 414. Radio front end
circuitry 412 may receive digital data that is to be sent
out to other network nodes or WDs via a wireless con-
nection. Radio front end circuitry 412 may convert the
digital data into a radio signal having the appropriate
channel and bandwidth parameters using a combination
of filters 418 and/or amplifiers 416. The radio signal may
then be transmitted via antenna 411. Similarly, when re-
ceiving data, antenna 411 may collect radio signals which
are then converted into digital data by radio front end
circuitry 412. The digital data may be passed to process-
ing circuitry 420. In other embodiments, the interface may
comprise different components and/or different combi-
nations of components.
[0077] Processing circuitry 420 may comprise a com-
bination of one or more of a microprocessor, controller,
microcontroller, central processing unit, digital signal
processor, application-specific integrated circuit, field
programmable gate array, or any other suitable comput-
ing device, resource, or combination of hardware, soft-
ware, and/or encoded logic operable to provide, either
alone or in conjunction with other WD 410 components,
such as device readable medium 430, WD 410 function-
ality. Such functionality may include providing any of the
various wireless features or benefits discussed herein.
For example, processing circuitry 420 may execute in-

structions stored in device readable medium 430 or in
memory within processing circuitry 420 to provide the
functionality disclosed herein.
[0078] As illustrated, processing circuitry 420 includes
one or more of RF transceiver circuitry 422, baseband
processing circuitry 424, and application processing cir-
cuitry 426. In other embodiments, the processing circuitry
may comprise different components and/or different
combinations of components. In certain embodiments
processing circuitry 420 of WD 410 may comprise a SOC.
In some embodiments, RF transceiver circuitry 422,
baseband processing circuitry 424, and application
processing circuitry 426 may be on separate chips or
sets of chips. In alternative embodiments, part or all of
baseband processing circuitry 424 and application
processing circuitry 426 may be combined into one chip
or set of chips, and RF transceiver circuitry 422 may be
on a separate chip or set of chips. In still alternative em-
bodiments, part or all of RF transceiver circuitry 422 and
baseband processing circuitry 424 may be on the same
chip or set of chips, and application processing circuitry
426 may be on a separate chip or set of chips. In yet
other alternative embodiments, part or all of RF trans-
ceiver circuitry 422, baseband processing circuitry 424,
and application processing circuitry 426 may be com-
bined in the same chip or set of chips. In some embodi-
ments, RF transceiver circuitry 422 may be a part of in-
terface 414. RF transceiver circuitry 422 may condition
RF signals for processing circuitry 420.
[0079] In certain embodiments, some or all of the func-
tionality described herein as being performed by a WD
may be provided by processing circuitry 420 executing
instructions stored on device readable medium 430,
which in certain embodiments may be a computer-read-
able storage medium. In alternative embodiments, some
or all of the functionality may be provided by processing
circuitry 420 without executing instructions stored on a
separate or discrete device readable storage medium,
such as in a hard-wired manner. In any of those particular
embodiments, whether executing instructions stored on
a device readable storage medium or not, processing
circuitry 420 can be configured to perform the described
functionality. The benefits provided by such functionality
are not limited to processing circuitry 420 alone or to other
components of WD 410, but are enjoyed by WD 410 as
a whole, and/or by end users and the wireless network
generally.
[0080] Processing circuitry 420 may be configured to
perform any determining, calculating, or similar opera-
tions (e.g., certain obtaining operations) described herein
as being performed by a WD. These operations, as per-
formed by processing circuitry 420, may include process-
ing information obtained by processing circuitry 420 by,
for example, converting the obtained information into oth-
er information, comparing the obtained information or
converted information to information stored by WD 410,
and/or performing one or more operations based on the
obtained information or converted information, and as a
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result of said processing making a determination.
[0081] Device readable medium 430 may be operable
to store a computer program, software, an application
including one or more of logic, rules, code, tables, etc.
and/or other instructions capable of being executed by
processing circuitry 420. Device readable medium 430
may include computer memory (e.g., Random Access
Memory (RAM) or Read Only Memory (ROM)), mass
storage media (e.g., a hard disk), removable storage me-
dia (e.g., a Compact Disk (CD) or a Digital Video Disk
(DVD)), and/or any other volatile or non-volatile, non-
transitory device readable and/or computer executable
memory devices that store information, data, and/or in-
structions that may be used by processing circuitry 420.
In some embodiments, processing circuitry 420 and de-
vice readable medium 430 may be considered to be in-
tegrated.
[0082] User interface equipment 432 may provide
components that allow for a human user to interact with
WD 410. Such interaction may be of many forms, such
as visual, audial, tactile, etc. User interface equipment
432 may be operable to produce output to the user and
to allow the user to provide input to WD 410. The type of
interaction may vary depending on the type of user inter-
face equipment 432 installed in WD 410. For example,
if WD 410 is a smart phone, the interaction may be via a
touch screen; if WD 410 is a smart meter, the interaction
may be through a screen that provides usage (e.g., the
number of gallons used) or a speaker that provides an
audible alert (e.g., if smoke is detected). User interface
equipment 432 may include input interfaces, devices and
circuits, and output interfaces, devices and circuits. User
interface equipment 432 is configured to allow input of
information into WD 410, and is connected to processing
circuitry 420 to allow processing circuitry 420 to process
the input information. User interface equipment 432 may
include, for example, a microphone, a proximity or other
sensor, keys/buttons, a touch display, one or more cam-
eras, a USB port, or other input circuitry. User interface
equipment 432 is also configured to allow output of in-
formation from WD 410, and to allow processing circuitry
420 to output information from WD 410. User interface
equipment 432 may include, for example, a speaker, a
display, vibrating circuitry, a USB port, a headphone in-
terface, or other output circuitry. Using one or more input
and output interfaces, devices, and circuits, of user in-
terface equipment 432, WD 410 may communicate with
end users and/or the wireless network, and allow them
to benefit from the functionality described herein.
[0083] Auxiliary equipment 434 is operable to provide
more specific functionality which may not be generally
performed by WDs. This may comprise specialized sen-
sors for doing measurements for various purposes, in-
terfaces for additional types of communication such as
wired communications etc. The inclusion and type of
components of auxiliary equipment 434 may vary de-
pending on the embodiment and/or scenario.
[0084] Power source 436 may, in some embodiments,

be in the form of a battery or battery pack. Other types
of power sources, such as an external power source (e.g.,
an electricity outlet), photovoltaic devices or power cells,
may also be used. WD 410 may further comprise power
circuitry 437 for delivering power from power source 436
to the various parts of WD 410 which need power from
power source 436 to carry out any functionality described
or indicated herein. Power circuitry 437 may in certain
embodiments comprise power management circuitry.
Power circuitry 437 may additionally or alternatively be
operable to receive power from an external power
source; in which case WD 410 may be connectable to
the external power source (such as an electricity outlet)
via input circuitry or an interface such as an electrical
power cable. Power circuitry 437 may also in certain em-
bodiments be operable to deliver power from an external
power source to power source 436. This may be, for ex-
ample, for the charging of power source 436. Power cir-
cuitry 437 may perform any formatting, converting, or oth-
er modification to the power from power source 436 to
make the power suitable for the respective components
of WD 410 to which power is supplied.
[0085] Figure 5 is a diagram illustrating a user Equip-
ment in accordance with some embodiments of inventive
concepts.
[0086] Figure 5 illustrates one embodiment of a UE in
accordance with various aspects described herein. As
used herein, a user equipment or UE may not necessarily
have a user in the sense of a human user who owns
and/or operates the relevant device. Instead, a UE may
represent a device that is intended for sale to, or opera-
tion by, a human user but which may not, or which may
not initially, be associated with a specific human user. A
UE may also comprise any UE identified by the 3rd Gen-
eration Partnership Project (3GPP), including a NB-loT
UE that is not intended for sale to, or operation by, a
human user. UE 500, as illustrated in Figure 5, is one
example of a WD configured for communication in ac-
cordance with one or more communication standards
promulgated by the 3rd Generation Partnership Project
(3GPP), such as 3GPP’s GSM, UMTS, LTE, and/or 5G
standards. As mentioned previously, the term WD and
UE may be used interchangeable. Accordingly, although
Figure 5 is a UE, the components discussed herein are
equally applicable to a WD, and vice-versa.
[0087] In Figure 5, UE 500 includes processing circuit-
ry 501 that is operatively coupled to input/output interface
505, radio frequency (RF) interface 509, network con-
nection interface 511, memory 515 including random ac-
cess memory (RAM) 517, read-only memory (ROM) 519,
and storage medium 521 or the like, communication sub-
system 531, power source 533, and/or any other com-
ponent, or any combination thereof. Storage medium 521
includes operating system 523, application program 525,
and data 527. In other embodiments, storage medium
521 may include other similar types of information. Cer-
tain UEs may utilize all of the components shown in Fig-
ure 5, or only a subset of the components. The level of
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integration between the components may vary from one
UE to another UE. Further, certain UEs may contain mul-
tiple instances of a component, such as multiple proces-
sors, memories, transceivers, transmitters, receivers,
etc.
[0088] In Figure 5, processing circuitry 501 may be
configured to process computer instructions and data.
Processing circuitry 501 may be configured to implement
any sequential state machine operative to execute ma-
chine instructions stored as machine-readable computer
programs in the memory, such as one or more hardware-
implemented state machines (e.g., in discrete logic, FP-
GA, ASIC, etc.); programmable logic together with ap-
propriate firmware; one or more stored program, general-
purpose processors, such as a microprocessor or Digital
Signal Processor (DSP), together with appropriate soft-
ware; or any combination of the above. For example, the
processing circuitry 501 may include two central process-
ing units (CPUs). Data may be information in a form suit-
able for use by a computer.
[0089] In the depicted embodiment, input/output inter-
face 505 may be configured to provide a communication
interface to an input device, output device, or input and
output device. UE 500 may be configured to use an output
device via input/output interface 505. An output device
may use the same type of interface port as an input de-
vice. For example, a USB port may be used to provide
input to and output from UE 500. The output device may
be a speaker, a sound card, a video card, a display, a
monitor, a printer, an actuator, an emitter, a smartcard,
another output device, or any combination thereof. UE
500 may be configured to use an input device via in-
put/output interface 505 to allow a user to capture infor-
mation into UE 500. The input device may include a
touch-sensitive or presence-sensitive display, a camera
(e.g., a digital camera, a digital video camera, a web cam-
era, etc.), a microphone, a sensor, a mouse, a trackball,
a directional pad, a trackpad, a scroll wheel, a smartcard,
and the like. The presence-sensitive display may include
a capacitive or resistive touch sensor to sense input from
a user. A sensor may be, for instance, an accelerometer,
a gyroscope, a tilt sensor, a force sensor, a magnetom-
eter, an optical sensor, a proximity sensor, another like
sensor, or any combination thereof. For example, the in-
put device may be an accelerometer, a magnetometer,
a digital camera, a microphone, and an optical sensor.
[0090] In Figure 5, RF interface 509 may be configured
to provide a communication interface to RF components
such as a transmitter, a receiver, and an antenna. Net-
work connection interface 511 may be configured to pro-
vide a communication interface to network 543a. Network
543a may encompass wired and/or wireless networks
such as a local-area network (LAN), a wide-area network
(WAN), a computer network, a wireless network, a tele-
communications network, another like network or any
combination thereof. For example, network 543a may
comprise a Wi-Fi network. Network connection interface
511 may be configured to include a receiver and a trans-

mitter interface used to communicate with one or more
other devices over a communication network according
to one or more communication protocols, such as Ether-
net, TCP/IP, SONET, ATM, or the like. Network connec-
tion interface 511 may implement receiver and transmit-
ter functionality appropriate to the communication net-
work links (e.g., optical, electrical, and the like). The
transmitter and receiver functions may share circuit com-
ponents, software or firmware, or alternatively may be
implemented separately.
[0091] RAM 517 may be configured to interface via bus
502 to processing circuitry 501 to provide storage or
caching of data or computer instructions during the exe-
cution of software programs such as the operating sys-
tem, application programs, and device drivers. ROM 519
may be configured to provide computer instructions or
data to processing circuitry 501. For example, ROM 519
may be configured to store invariant low-level system
code or data for basic system functions such as basic
input and output (I/O), startup, or reception of keystrokes
from a keyboard that are stored in a non-volatile memory.
Storage medium 521 may be configured to include mem-
ory such as RAM, ROM, programmable read-only mem-
ory (PROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only
memory (EEPROM), magnetic disks, optical disks, flop-
py disks, hard disks, removable cartridges, or flash
drives. In one example, storage medium 521 may be con-
figured to include operating system 523, application pro-
gram 525 such as a web browser application, a widget
or gadget engine or another application, and data file
527. Storage medium 521 may store, for use by UE 500,
any of a variety of various operating systems or combi-
nations of operating systems.
[0092] Storage medium 521 may be configured to in-
clude a number of physical drive units, such as redundant
array of independent disks (RAID), floppy disk drive, flash
memory, USB flash drive, external hard disk drive, thumb
drive, pen drive, key drive, high-density digital versatile
disc (HD-DVD) optical disc drive, internal hard disk drive,
Blu-Ray optical disc drive, holographic digital data stor-
age (HDDS) optical disc drive, external mini-dual in-line
memory module (DIMM), synchronous dynamic random
access memory (SDRAM), external micro-DIMM
SDRAM, smartcard memory such as a subscriber identity
module or a removable user identity (SIM/RUIM) module,
other memory, or any combination thereof. Storage me-
dium 521 may allow UE 500 to access computer-execut-
able instructions, application programs or the like, stored
on transitory or non-transitory memory media, to off-load
data, or to upload data. An article of manufacture, such
as one utilizing a communication system may be tangibly
embodied in storage medium 521, which may comprise
a device readable medium.
[0093] In Figure 5, processing circuitry 501 may be
configured to communicate with network 543b using
communication subsystem 531. Network 543a and net-
work 543b may be the same network or networks or dif-
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ferent network or networks. Communication subsystem
531 may be configured to include one or more transceiv-
ers used to communicate with network 543b. For exam-
ple, communication subsystem 531 may be configured
to include one or more transceivers used to communicate
with one or more remote transceivers of another device
capable of wireless communication such as another WD,
UE, or base station of a radio access network (RAN) ac-
cording to one or more communication protocols, such
as IEEE 802.5, CDMA, WCDMA, GSM, LTE, UTRAN,
WiMax, or the like. Each transceiver may include trans-
mitter 533 and/or receiver 535 to implement transmitter
or receiver functionality, respectively, appropriate to the
RAN links (e.g., frequency allocations and the like). Fur-
ther, transmitter 533 and receiver 535 of each transceiver
may share circuit components, software or firmware, or
alternatively may be implemented separately.
[0094] In the illustrated embodiment, the communica-
tion functions of communication subsystem 531 may in-
clude data communication, voice communication, multi-
media communication, short-range communications
such as Bluetooth, near-field communication, location-
based communication such as the use of the global po-
sitioning system (GPS) to determine a location, another
like communication function, or any combination thereof.
For example, communication subsystem 531 may in-
clude cellular communication, Wi-Fi communication,
Bluetooth communication, and GPS communication.
Network 543b may encompass wired and/or wireless net-
works such as a local-area network (LAN), a wide-area
network (WAN), a computer network, a wireless network,
a telecommunications network, another like network or
any combination thereof. For example, network 543b
may be a cellular network, a Wi-Fi network, and/or a near-
field network. Power source 513 may be configured to
provide alternating current (AC) or direct current (DC)
power to components of UE 500.
[0095] The features, benefits and/or functions de-
scribed herein may be implemented in one of the com-
ponents of UE 500 or partitioned across multiple compo-
nents of UE 500. Further, the features, benefits, and/or
functions described herein may be implemented in any
combination of hardware, software or firmware. In one
example, communication subsystem 531 may be config-
ured to include any of the components described herein.
Further, processing circuitry 501 may be configured to
communicate with any of such components over bus 502.
In another example, any of such components may be
represented by program instructions stored in memory
that when executed by processing circuitry 501 perform
the corresponding functions described herein. In another
example, the functionality of any of such components
may be partitioned between processing circuitry 501 and
communication subsystem 531. In another example, the
non-computationally intensive functions of any of such
components may be implemented in software or firmware
and the computationally intensive functions may be im-
plemented in hardware.

[0096] Figure 6 is a diagram illustrating a virtualization
environment in accordance with some embodiments of
inventive concepts.
[0097] Figure 6 is a schematic block diagram illustrat-
ing a virtualization environment 600 in which functions
implemented by some embodiments may be virtualized.
In the present context, virtualizing means creating virtual
versions of apparatuses or devices which may include
virtualizing hardware platforms, storage devices and net-
working resources. As used herein, virtualization can be
applied to a node (e.g., a virtualized base station or a
virtualized radio access node) or to a device (e.g., a UE,
a wireless device or any other type of communication
device) or components thereof and relates to an imple-
mentation in which at least a portion of the functionality
is implemented as one or more virtual components (e.g.,
via one or more applications, components, functions, vir-
tual machines or containers executing on one or more
physical processing nodes in one or more networks).
[0098] In some embodiments, some or all of the func-
tions described herein may be implemented as virtual
components executed by one or more virtual machines
implemented in one or more virtual environments 600
hosted by one or more of hardware nodes 630. Further,
in embodiments in which the virtual node is not a radio
access node or does not require radio connectivity (e.g.,
a core network node), then the network node may be
entirely virtualized.
[0099] The functions may be implemented by one or
more applications 620 (which may alternatively be called
software instances, virtual appliances, network func-
tions, virtual nodes, virtual network functions, etc.) oper-
ative to implement some of the features, functions, and/or
benefits of some of the embodiments disclosed herein.
Applications 620 are run in virtualization environment 600
which provides hardware 630 comprising processing cir-
cuitry 660 and memory 690. Memory 690 contains in-
structions 695 executable by processing circuitry 660
whereby application 620 is operative to provide one or
more of the features, benefits, and/or functions disclosed
herein.
[0100] Virtualization environment 600, comprises gen-
eral-purpose or special-purpose network hardware de-
vices 630 comprising a set of one or more processors or
processing circuitry 660, which may be commercial off-
the-shelf (COTS) processors, dedicated Application
Specific Integrated Circuits (ASICs), or any other type of
processing circuitry including digital or analog hardware
components or special purpose processors. Each hard-
ware device may comprise memory 690-1 which may be
non-persistent memory for temporarily storing instruc-
tions 695 or software executed by processing circuitry
660. Each hardware device may comprise one or more
network interface controllers (NICs) 670, also known as
network interface cards, which include physical network
interface 680. Each hardware device may also include
non-transitory, persistent, machine-readable storage
media 690-2 having stored therein software 695 and/or
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instructions executable by processing circuitry 660. Soft-
ware 695 may include any type of software including soft-
ware for instantiating one or more virtualization layers
650 (also referred to as hypervisors), software to execute
virtual machines 640 as well as software allowing it to
execute functions, features and/or benefits described in
relation with some embodiments described herein.
[0101] Virtual machines 640, comprise virtual process-
ing, virtual memory, virtual networking or interface and
virtual storage, and may be run by a corresponding vir-
tualization layer 650 or hypervisor. Different embodi-
ments of the instance of virtual appliance 620 may be
implemented on one or more of virtual machines 640,
and the implementations may be made in different ways.
[0102] During operation, processing circuitry 660 exe-
cutes software 695 to instantiate the hypervisor or virtu-
alization layer 650, which may sometimes be referred to
as a virtual machine monitor (VMM). Virtualization layer
650 may present a virtual operating platform that appears
like networking hardware to virtual machine 640.
[0103] As shown in Figure 6, hardware 630 may be a
standalone network node with generic or specific com-
ponents. Hardware 630 may comprise antenna 6225 and
may implement some functions via virtualization. Alter-
natively, hardware 630 may be part of a larger cluster of
hardware (e.g. such as in a data center or customer
premise equipment (CPE)) where many hardware nodes
work together and are managed via management and
orchestration (MANO) 6100, which, among others, over-
sees lifecycle management of applications 620.
[0104] Virtualization of the hardware is in some con-
texts referred to as network function virtualization (NFV).
NFV may be used to consolidate many network equip-
ment types onto industry standard high volume server
hardware, physical switches, and physical storage,
which can be located in data centers, and customer
premise equipment.
[0105] In the context of NFV, virtual machine 640 may
be a software implementation of a physical machine that
runs programs as if they were executing on a physical,
non-virtualized machine. Each of virtual machines 640,
and that part of hardware 630 that executes that virtual
machine, be it hardware dedicated to that virtual machine
and/or hardware shared by that virtual machine with oth-
ers of the virtual machines 640, forms a separate virtual
network elements (VNE).
[0106] Still in the context of NFV, Virtual Network Func-
tion (VNF) is responsible for handling specific network
functions that run in one or more virtual machines 640
on top of hardware networking infrastructure 630 and cor-
responds to application 620 in Figure 6.
[0107] In some embodiments, one or more radio units
6200 that each include one or more transmitters 6220
and one or more receivers 6210 may be coupled to one
or more antennas 6225. Radio units 6200 may commu-
nicate directly with hardware nodes 630 via one or more
appropriate network interfaces and may be used in com-
bination with the virtual components to provide a virtual

node with radio capabilities, such as a radio access node
or a base station.
[0108] In some embodiments, some signalling can be
effected with the use of control system 6230 which may
alternatively be used for communication between the
hardware nodes 630 and radio units 6200.Figure 7 is a
diagram illustrating a
telecommunication network connected via an intermedi-
ate network to a host computer in accordance with some
embodiments of inventive concepts.
[0109] With reference to FIGURE 7, in accordance with
an embodiment, a communication system includes tele-
communication network 710, such as a 3GPP-type cel-
lular network, which comprises access network 711, such
as a radio access network, and core network 714. Access
network 711 comprises a plurality of base stations 712a,
712b, 712c, such as NBs, eNBs, gNBs or other types of
wireless access points, each defining a corresponding
coverage area 713a, 713b, 713c. Each base station
712a, 712b, 712c is connectable to core network 714
over a wired or wireless connection 715. A first UE 791
located in coverage area 713c is configured to wirelessly
connect to, or be paged by, the corresponding base sta-
tion 712c. A second UE 792 in coverage area 713a is
wirelessly connectable to the corresponding base station
712a. While a plurality of UEs 791, 792 are illustrated in
this example, the disclosed embodiments are equally ap-
plicable to a situation where a sole UE is in the coverage
area or where a sole UE is connecting to the correspond-
ing base station 712.
[0110] Telecommunication network 710 is itself con-
nected to host computer 730, which may be embodied
in the hardware and/or software of a standalone server,
a cloud-implemented server, a distributed server or as
processing resources in a server farm. Host computer
730 may be under the ownership or control of a service
provider, or may be operated by the service provider or
on behalf of the service provider. Connections 721 and
722 between telecommunication network 710 and host
computer 730 may extend directly from core network 714
to host computer 730 or may go via an optional interme-
diate network 720. Intermediate network 720 may be one
of, or a combination of more than one of, a public, private
or hosted network; intermediate network 720, if any, may
be a backbone network or the Internet; in particular, in-
termediate network 720 may comprise two or more sub-
networks (not shown).
[0111] The communication system of Figure 7 as a
whole enables connectivity between the connected UEs
791, 792 and host computer 730. The connectivity may
be described as an over-the-top (OTT) connection 750.
Host computer 730 and the connected UEs 791, 792 are
configured to communicate data and/or signaling via OTT
connection 750, using access network 711, core network
714, any intermediate network 720 and possible further
infrastructure (not shown) as intermediaries. OTT con-
nection 750 may be transparent in the sense that the
participating communication devices through which OTT
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connection 750 passes are unaware of routing of uplink
and downlink communications. For example, base sta-
tion 712 may not or need not be informed about the past
routing of an incoming downlink communication with data
originating from host computer 730 to be forwarded (e.g.,
handed over) to a connected UE 791. Similarly, base
station 712 need not be aware of the future routing of an
outgoing uplink communication originating from the UE
791 towards the host computer 730.
[0112] Figure 8 is a diagram illustrating a host compu-
ter communicating via a base station with a user equip-
ment over a partially wireless connection in accordance
with some embodiments of inventive concepts.
[0113] Example implementations, in accordance with
an embodiment, of the UE, base station and host com-
puter discussed in the preceding paragraphs will now be
described with reference to Figure 8. In communication
system 800, host computer 810 comprises hardware 815
including communication interface 816 configured to set
up and maintain a wired or wireless connection with an
interface of a different communication device of commu-
nication system 800. Host computer 810 further compris-
es processing circuitry 818, which may have storage
and/or processing capabilities. In particular, processing
circuitry 818 may comprise one or more programmable
processors, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not
shown) adapted to execute instructions. Host computer
810 further comprises software 811, which is stored in
or accessible by host computer 810 and executable by
processing circuitry 818. Software 811 includes host ap-
plication 812. Host application 812 may be operable to
provide a service to a remote user, such as UE 830 con-
necting via OTT connection 850 terminating at UE 830
and host computer 810. In providing the service to the
remote user, host application 812 may provide user data
which is transmitted using OTT connection 850.
[0114] Communication system 800 further includes
base station 820 provided in a telecommunication system
and comprising hardware 825 enabling it to communicate
with host computer 810 and with UE 830. Hardware 825
may include communication interface 826 for setting up
and maintaining a wired or wireless connection with an
interface of a different communication device of commu-
nication system 800, as well as radio interface 827 for
setting up and maintaining at least wireless connection
870 with UE 830 located in a coverage area (not shown
in Figure 8) served by base station 820. Communication
interface 826 may be configured to facilitate connection
860 to host computer 810. Connection 860 may be direct
or it may pass through a core network (not shown in Fig-
ure 8) of the telecommunication system and/or through
one or more intermediate networks outside the telecom-
munication system. In the embodiment shown, hardware
825 of base station 820 further includes processing cir-
cuitry 828, which may comprise one or more program-
mable processors, application-specific integrated cir-
cuits, field programmable gate arrays or combinations of

these (not shown) adapted to execute instructions. Base
station 820 further has software 821 stored internally or
accessible via an external connection.
[0115] Communication system 800 further includes UE
830 already referred to. Its hardware 835 may include
radio interface 837 configured to set up and maintain
wireless connection 870 with a base station serving a
coverage area in which UE 830 is currently located. Hard-
ware 835 of UE 830 further includes processing circuitry
838, which may comprise one or more programmable
processors, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not
shown) adapted to execute instructions. UE 830 further
comprises software 831, which is stored in or accessible
by UE 830 and executable by processing circuitry 838.
Software 831 includes client application 832. Client ap-
plication 832 may be operable to provide a service to a
human or non-human user via UE 830, with the support
of host computer 810. In host computer 810, an executing
host application 812 may communicate with the execut-
ing client application 832 via OTT connection 850 termi-
nating at UE 830 and host computer 810. In providing
the service to the user, client application 832 may receive
request data from host application 812 and provide user
data in response to the request data. OTT connection
850 may transfer both the request data and the user data.
Client application 832 may interact with the user to gen-
erate the user data that it provides.
[0116] It is noted that host computer 810, base station
820 and UE 830 illustrated in Figure 8 may be similar or
identical to host computer 730, one of base stations 712a,
712b, 712c and one of UEs 791, 792 of Figure 7, respec-
tively. This is to say, the inner workings of these entities
may be as shown in Figure 8 and independently, the sur-
rounding network topology may be that of Figure 7.
[0117] In Figure 8, OTT connection 850 has been
drawn abstractly to illustrate the communication between
host computer 810 and UE 830 via base station 820,
without explicit reference to any intermediary devices and
the precise routing of messages via these devices. Net-
work infrastructure may determine the routing, which it
may be configured to hide from UE 830 or from the service
provider operating host computer 810, or both. While
OTT connection 850 is active, the network infrastructure
may further take decisions by which it dynamically chang-
es the routing (e.g., on the basis of load balancing con-
sideration or reconfiguration of the network).
[0118] Wireless connection 870 between UE 830 and
base station 820 is in accordance with the teachings of
the embodiments described throughout this disclosure.
One or more of the various embodiments improve the
performance of OTT services provided to UE 830 using
OTT connection 850, in which wireless connection 870
forms the last segment. More precisely, the teachings of
these embodiments may improve the latency and power
consumption and thereby provide benefits such as re-
duced signaling, reduced user waiting time, better re-
sponsiveness, and extended battery lifetime.

27 28 



EP 3 673 710 B1

16

5

10

15

20

25

30

35

40

45

50

55

[0119] A measurement procedure may be provided for
the purpose of monitoring data rate, latency and other
factors on which the one or more embodiments improve.
There may further be an optional network functionality
for reconfiguring OTT connection 850 between host com-
puter 810 and UE 830, in response to variations in the
measurement results. The measurement procedure
and/or the network functionality for reconfiguring OTT
connection 850 may be implemented in software 811 and
hardware 815 of host computer 810 or in software 831
and hardware 835 of UE 830, or both. In embodiments,
sensors (not shown) may be deployed in or in association
with communication devices through which OTT connec-
tion 850 passes; the sensors may participate in the meas-
urement procedure by supplying values of the monitored
quantities exemplified above, or supplying values of other
physical quantities from which software 811, 831 may
compute or estimate the monitored quantities. The recon-
figuring of OTT connection 850 may include message
format, retransmission settings, preferred routing etc.;
the reconfiguring need not affect base station 820, and
it may be unknown or imperceptible to base station 820.
Such procedures and functionalities may be known and
practiced in the art. In certain embodiments, measure-
ments may involve proprietary UE signaling facilitating
host computer 810’s measurements of throughput, prop-
agation times, latency and the like. The measurements
may be implemented in that software 811 and 831 causes
messages to be transmitted, in particular empty or ’dum-
my’ messages, using OTT connection 850 while it mon-
itors propagation times, errors etc.
[0120] Figure 9 is a flow chart illustrating methods im-
plemented in a communication system including a host
computer, a base station and a user equipment in ac-
cordance with some embodiments of inventive concepts.
[0121] Figure 9 is a flowchart illustrating a method im-
plemented in a communication system, in accordance
with one embodiment. The communication system in-
cludes a host computer, a base station and a UE which
may be those described with reference to Figures 7 and
8. For simplicity of the present disclosure, only drawing
references to Figure 9 will be included in this section. In
step 910, the host computer provides user data. In sub-
step 911 (which may be optional) of step 910, the host
computer provides the user data by executing a host ap-
plication. In step 920, the host computer initiates a trans-
mission carrying the user data to the UE. In step 930
(which may be optional), the base station transmits to
the UE the user data which was carried in the transmis-
sion that the host computer initiated, in accordance with
the teachings of the embodiments described throughout
this disclosure. In step 940 (which may also be optional),
the UE executes a client application associated with the
host application executed by the host computer.
[0122] Figure 10 is a flow chart illustrating methods
implemented in a communication system including a host
computer, a base station and a user equipment in ac-
cordance with some embodiments of inventive concepts.

[0123] Figure 10 is a flowchart illustrating a method
implemented in a communication system, in accordance
with one embodiment. The communication system in-
cludes a host computer, a base station and a UE which
may be those described with reference to Figures 7 and
8. For simplicity of the present disclosure, only drawing
references to Figure 10 will be included in this section.
In step 1010 of the method, the host computer provides
user data. In an optional substep (not shown) the host
computer provides the user data by executing a host ap-
plication. In step 1020, the host computer initiates a trans-
mission carrying the user data to the UE. The transmis-
sion may pass via the base station, in accordance with
the teachings of the embodiments described throughout
this disclosure. In step 1030 (which may be optional), the
UE receives the user data carried in the transmission.
[0124] Figure 11 is a flow chart illustrating methods
implemented in a communication system including a host
computer, a base station and a user equipment in ac-
cordance with some embodiments of inventive concepts.
[0125] Figure 11 is a flowchart illustrating a method
implemented in a communication system, in accordance
with one embodiment. The communication system in-
cludes a host computer, a base station and a UE which
may be those described with reference to Figures 7 and
8. For simplicity of the present disclosure, only drawing
references to Figure 11 will be included in this section.
In step 1110 (which may be optional), the UE receives
input data provided by the host computer. Additionally or
alternatively, in step 1120, the UE provides user data. In
substep 1121 (which may be optional) of step 1120, the
UE provides the user data by executing a client applica-
tion. In substep 1111 (which may be optional) of step
1110, the UE executes a client application which provides
the user data in reaction to the received input data pro-
vided by the host computer. In providing the user data,
the executed client application may further consider user
input received from the user. Regardless of the specific
manner in which the user data was provided, the UE in-
itiates, in substep 1130 (which may be optional), trans-
mission of the user data to the host computer. In step
1140 of the method, the host computer receives the user
data transmitted from the UE, in accordance with the
teachings of the embodiments described throughout this
disclosure.
[0126] Figure 12 methods implemented in a commu-
nication system including a host computer, a base station
and a user equipment in accordance with some embod-
iments of inventive concepts.
[0127] Figure 12 is a flowchart illustrating a method
implemented in a communication system, in accordance
with one embodiment. The communication system in-
cludes a host computer, a base station and a UE which
may be those described with reference to Figures 7 and
8. For simplicity of the present disclosure, only drawing
references to Figure 12 will be included in this section.
In step 1210 (which may be optional), in accordance with
the teachings of the embodiments described throughout
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this disclosure, the base station receives user data from
the UE. In step 1220 (which may be optional), the base
station initiates transmission of the received user data to
the host computer. In step 1230 (which may be optional),
the host computer receives the user data carried in the
transmission initiated by the base station.
[0128] Any appropriate steps, methods, features, func-
tions, or benefits disclosed herein may be performed
through one or more functional units or modules of one
or more virtual apparatuses. Each virtual apparatus may
comprise a number of these functional units. These func-
tional units may be implemented via processing circuitry,
which may include one or more microprocessor or mi-
crocontrollers, as well as other digital hardware, which
may include digital signal processors (DSPs), special-
purpose digital logic, and the like. The processing circuit-
ry may be configured to execute program code stored in
memory, which may include one or several types of mem-
ory such as read-only memory (ROM), random-access
memory (RAM), cache memory, flash memory devices,
optical storage devices, etc. Program code stored in
memory includes program instructions for executing one
or more telecommunications and/or data communica-
tions protocols as well as instructions for carrying out one
or more of the techniques described herein. In some im-
plementations, the processing circuitry may be used to
cause the respective functional unit to perform corre-
sponding functions according one or more embodiments
of the present disclosure.

Claims

1. A method of operating a radio access network, RAN,
node (460a), the method comprising:

receiving (1303, 301) a packet data unit, PDU,
for a wireless device (410) that is in an inactive
state, wherein the PDU is received from a core
network, CN, node (460b);
paging (1305, 302) the wireless device (410) in
response to receiving the PDU; and character-
ized in sending (1307, 303) a non-delivery mes-
sage to the CN node in response to failure of
the paging for the wireless device, wherein the
non-delivery message includes an indication
that the wireless device is in the inactive state,
wherein the PDU is a non-access stratum, NAS,
PDU, and wherein the non-delivery message is
a NAS non-delivery message.

2. A radio access network, RAN, node (460a), wherein
the RAN node is adapted to:

receive a packet data unit, PDU, for a wireless
device (410) that is in an inactive state, wherein
the PDU is received from a core network, CN,
node (460b);

page the wireless device (410) in response to
receiving the PDU; and characterized in that
the RAN node is further adapted to:
send a non-delivery message to the CN node in
response to failure of the paging for the wireless
device, wherein the non-delivery message in-
cludes an indication that the wireless device is
in the inactive state, wherein the PDU is a non-
access stratum, NAS, PDU, and wherein the
non-delivery message is a NAS non-delivery
message.

3. The RAN node of Claim 2, wherein the non-delivery
message includes an instruction for the CN node to
refrain from resending the PDU for the wireless de-
vice.

4. The RAN node of Claim 3, wherein the instruction
for the CN node to refrain from resending is an in-
struction for the CN node to refrain from resending
the PDU for the wireless device for a period of time
following the non-delivery message.

5. The RAN node of any of Claims 3-4, wherein the
non-delivery message includes the instruction for the
node of the CN to refrain from resending the PDU
for the wireless device in response to a high paging
load and/or in response to multiple failures of paging
for the wireless device.

6. The RAN node of any of Claims 2-5, wherein the
failure of the paging is determined in response to
failure to receive a response from the wireless device
at the RAN node after initiating the paging.

7. The RAN node of Claim 6, wherein the failure of the
paging is determined in response to failure to receive
a response from the wireless device at the RAN node
for a preconfigured time after initiating the paging.

8. The RAN node of any of Claims 2-7, wherein the
RAN node is further adapted to: maintain a context
at the RAN node for the wireless device in the inac-
tive state.

9. The RAN node of any of Claims 2-8, wherein the
inactive state is a Radio Resource Control, RRC,
inactive state.

10. The RAN node of Claim 9, wherein the wireless de-
vice is in a CM-Connected and RRC inactive state.

11. The RAN node of any of Claims 2-10, wherein the
CN node comprises an Access and Mobility Func-
tion, AMF, node and/or said RAN node comprises a
base station.
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Patentansprüche

1. Verfahren zum Betreiben eines Funkzugangsnetz-
werkknotens, RAN-Knotens, (460a), wobei das Ver-
fahren umfasst:

Empfangen (1303, 301) einer Paketdatenein-
heit, PDU, für eine drahtlose Vorrichtung (410),
die in einem inaktiven Zustand ist, wobei die
PDU von einem Kernnetzwerkknoten, CN-Kno-
ten, (460b) empfangen wird;
Rufen (1305, 302) der drahtlosen Vorrichtung
(410) per Funk in Reaktion auf den Empfang der
PDU; und gekennzeichnet durch
Senden (1307, 303) einer Nichtübermittlungs-
nachricht an den CN-Knoten in Reaktion auf ein
Fehlschlagen des Funkrufs für die drahtlose
Vorrichtung, wobei die Nichtübermittlungsnach-
richt eine Angabe umfasst, dass die drahtlose
Vorrichtung im inaktiven Zustand ist, wobei die
PDU eine Non-Access-Stratum-PDU, NAS-
PDU, ist und wobei die Nichtübermittlungsnach-
richt eine NAS-Nichtübermittlungsnachricht ist.

2. Funkzugangsnetzwerkknoten, RAN-Knoten,
(460a), wobei der RAN-Knoten ausgelegt ist zum:

Empfangen einer Paketdateneinheit, PDU, für
eine drahtlose Vorrichtung (410), die in einem
inaktiven Zustand ist, wobei die PDU von einem
Kernnetzwerkknoten, CN-Knoten, (460b) emp-
fangen wird;
Rufen der drahtlosen Vorrichtung (410) per
Funk in Reaktion auf den Empfang der PDU;
und dadurch gekennzeichnet, dass der RAN-
Knoten ferner ausgelegt ist zum:
Senden einer Nichtübermittlungsnachricht an
den CN-Knoten in Reaktion auf ein Fehlschla-
gen des Funkrufs für die drahtlose Vorrichtung,
wobei die Nichtübermittlungsnachricht eine An-
gabe umfasst, dass die drahtlose Vorrichtung
im inaktiven Zustand ist, wobei die PDU eine
Non-Access-Stratum-PDU, NAS-PDU, ist und
wobei die Nichtübermittlungsnachricht eine
NAS-Nichtübermittlungsnachricht ist.

3. RAN-Knoten nach Anspruch 2, wobei die Nichtüber-
mittlungsnachricht eine Anweisung für den CN-Kno-
ten zum Unterlassen eines erneuten Sendens der
PDU für die drahtlose Vorrichtung umfasst.

4. RAN-Knoten nach Anspruch 3, wobei die Anweisung
für den CN-Knoten zum Unterlassen des erneuten
Sendens eine Anweisung für den CN-Knoten zum
Unterlassen des erneuten Sendens der PDU für die
drahtlose Vorrichtung für einen Zeitraum nach der
Nichtübermittlungsnachricht ist.

5. RAN-Knoten nach einem der Ansprüche 3 bis 4, wo-
bei die Nichtübermittlungsnachricht die Anweisung
für den CN-Knoten zum Unterlassen des erneuten
Sendens der PDU für die drahtlose Vorrichtung in
Reaktion auf eine hohe Funkruflast und/oder in Re-
aktion auf mehrere Funkruffehlschläge für die draht-
lose Vorrichtung umfasst.

6. RAN-Knoten nach einem der Ansprüche 2 bis 5, wo-
bei der Fehlschlag des Funkrufs in Reaktion auf ein
Fehlschlagen des Empfangs einer Antwort von der
drahtlosen Vorrichtung am RAN-Knoten nach dem
Initiieren des Funkrufs bestimmt wird.

7. RAN-Knoten nach Anspruch 6, wobei der Fehl-
schlag des Funkrufs in Reaktion auf ein Fehlschla-
gen des Empfangs einer Antwort von der drahtlosen
Vorrichtung am RAN-Knoten für eine vor konfigurier-
te Zeit nach dem Initiieren des Funkrufs bestimmt
wird.

8. RAN-Knoten nach einem der Ansprüche 2 bis 7, wo-
bei der RAN-Knoten ferner ausgelegt ist zum:
Aufrechterhalten eines Kontexts am RAN-Knoten für
die drahtlose Vorrichtung im inaktiven Zustand.

9. RAN-Knoten nach einem der Ansprüche 2 bis 8, wo-
bei der inaktive Zustand ein inaktiver Funkressour-
censteuerungszustand, RRC-Zustand, ist.

10. RAN-Knoten nach Anspruch 9, wobei die drahtlose
Vorrichtung in einem CM Connected- und inaktiven
RRC-Zustand ist.

11. RAN-Knoten nach einem der Ansprüche 2 bis 10,
wobei der CN-Knoten einen Knoten mit Zugangs-
und Mobilitätsverwaltungsfunktion, AMF, umfasst
und/oder der RAN-Knoten eine Basisstation um-
fasst.

Revendications

1. Procédé de fonctionnement d’un noeud de réseau
d’accès radio, RAN, (460a), le procédé comprenant :

la réception (1303, 301) d’une unité de données
en paquets, PDU, pour un dispositif sans fil (410)
qui est dans un état inactif, dans lequel la PDU
est reçue depuis un noeud de réseau central,
CN, (460b) ;
la radiomessagerie (1305, 302) du dispositif
sans fil (410) en réponse à la réception de la
PDU ; et
caractérisé par
l’envoi (1307, 303) d’un message de non-livrai-
son au noeud CN en réponse à un échec de la
radiomessagerie du dispositif sans fil, dans le-
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quel le message de non-livraison comprend une
indication que le dispositif sans fil est dans l’état
inactif, dans lequel la PDU est une PDU de strate
sans accès, NAS, et dans lequel le message de
non-livraison est un message de non-livraison
NAS.

2. Noeud de réseau d’accès radio, RAN, (460a), dans
lequel le noeud RAN est adapté pour :

recevoir une unité de données en paquets, PDU,
pour un dispositif sans fil (410) qui est dans un
état inactif, dans lequel la PDU est reçue depuis
un noeud de réseau central, CN, (460b) ;
réaliser la radiomessagerie du dispositif sans fil
(410) en réponse à la réception de la PDU ; et
caractérisé en ce que le noeud RAN est en
outre adapté pour :
envoyer un message de non-livraison au noeud
CN en réponse à un échec de la radiomessa-
gerie du dispositif sans fil, dans lequel le mes-
sage de non-livraison comprend une indication
que le dispositif sans fil est dans l’état inactif,
dans lequel la PDU est une PDU de strate sans
accès, NAS, et dans lequel le message de non-
livraison est un message de non-livraison NAS.

3. Noeud RAN selon la revendication 2, dans lequel le
message de non-livraison comprend une instruction
pour le noeud CN de s’abstenir de renvoyer la PDU
pour le dispositif sans fil.

4. Noeud RAN selon la revendication 3, dans lequel
l’instruction pour le noeud CN de s’abstenir de ren-
voyer est une instruction pour le noeud CN de s’abs-
tenir de renvoyer la PDU pour le dispositif sans fil
pendant une période de temps suivant le message
de non-livraison.

5. Noeud RAN selon la revendication 3 ou 4, dans le-
quel le message de non-livraison comprend l’instruc-
tion pour le noeud CN de s’abstenir de renvoyer la
PDU pour le dispositif sans fil en réponse à une forte
charge de radiomessagerie et/ou en réponse à de
multiples échecs de radiomessagerie pour le dispo-
sitif sans fil.

6. Noeud RAN selon l’une quelconque des revendica-
tions 2 à 5, dans lequel l’échec de la radiomessagerie
est déterminé en réponse à un échec de réception
d’une réponse du dispositif sans fil au niveau du
noeud RAN après l’initiation de la radiomessagerie.

7. Noeud RAN selon la revendication 6, dans lequel
l’échec de la radiomessagerie est déterminé en ré-
ponse à un échec de réception d’une réponse du
dispositif sans fil au niveau du noeud RAN pendant
un temps préconfiguré après l’initiation de la radio-

messagerie.

8. Noeud RAN selon l’une quelconque des revendica-
tions 2 à 7, dans lequel le noeud RAN est en outre
adapté pour : maintenir un contexte au niveau du
noeud RAN pour le dispositif sans fil dans l’état inac-
tif.

9. Noeud RAN selon l’une quelconque des revendica-
tions 2 à 8, dans lequel l’état inactif est un état inactif
de commande de ressources radio, RRC.

10. Noeud RAN selon la revendication 9, dans lequel le
dispositif sans fil est dans un état inactif RRC et CM-
Connected.

11. Noeud RAN selon l’une quelconque des revendica-
tions 2 à 10, dans lequel le noeud CN comprend un
noeud de fonction d’accès et de mobilité, AMF, et/ou
ledit noeud RAN comprend une station de base.
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